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Abstract
Strategies are needed to improve the dietary habits of children. The aim of the present study was to evaluate the effect of implementing a school food
programme on the dietary quality of lunches consumed by school children aged 7–13 years compared with packed lunches brought from home. A sec-
ondary objective was to investigate if a possible effect would differ between the younger children and the older. A quasi-experimental study design with four
intervention schools and four matched control schools was conducted. In total, 984 school children participated. Data on packed lunches were collected at
baseline. At the 1st follow-up the children in the intervention schools were offered free school meals and at the 2nd follow-up children paid for their school
meals. The control group had packed lunches at all measurements. A digital photographic method combined with a Meal Index of dietary Quality (Meal IQ)
was used for dietary assessment. Multilevel modelling was employed for data analyses. The quality of dietary intake was improved when free school meals
were offered (P = 0·004); if the school meals were paid for the use was limited and no difference in change in dietary quality was found (P= 0·343). The
school food programme had no difference in effect according to age (P= 0·083). In conclusion, offering a free school meal had a positive effect on dietary
quality of the lunches consumed by school children aged 7–13 years. No effect was measured when the school meals were not provided for free. The
dietary effect did not depend on age.
Key words: School-based interventions: Dietary interventions: Nutrition programmes: Multilevel analyses: Environmental interventions
Healthy dietary habits during childhood promote optimal
health, growth and cognitive development of the child, and
may contribute to the prevention of chronic diseases in later
life(1,2). Some evidence exists that nutrition behaviours track
from childhood into adulthood(3,4), and thus it is important
to establish healthy dietary habits early in life.
The dietary habits of children in Denmark(5), as well as for
children in other Western countries, call for improvement(6).
Data from the recent Danish National Survey of Dietary
Habits and Physical Activity revealed that to meet the ofﬁcial
nutrition recommendations(7) and the food-based dietary
guidelines(8) Danish children should consume less fat, espe-
cially saturated fat, less added sugar and increase their intake
of fruits, vegetables, whole grains and ﬁsh(5,9,10). Thus, there
is a need for strategies to promote and provide healthy dietary
habits among children. The school has been recognised as
an important setting for such a health promotion strategy,
because health-related behaviours can be inﬂuenced, espe-
cially healthy eating habits(11–14). The school reaches all
school-aged children of diverse ethnic and socio-economic
groups and offers an environment that is accessible to all
on equal terms.
Abbreviation: Meal IQ, Meal Index of dietary Quality.
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In Denmark 85 % of children aged 7–14 years eat a packed
lunch brought from home during school hours(10). Studies in
Denmark(10,15) as well as in other countries(16–19) have
shown that the dietary quality of packed lunches do not always
meet dietary guidelines. Cross-sectional studies have compared
the nutritional quality of packed lunches and school meals pro-
vided by schools and have reported that children who eat
school meals generally have a healthier lunch compared with
children who eat a packed lunch(20–26). Many studies and
reviews on school-based intervention studies have been pub-
lished. The interventions vary to a great extent in terms of
intervention (nutrition education, environmental interventions
or multicomponent interventions), duration of the interven-
tion, outcome measures and signiﬁcance of results(27–32). We
found only one study substituting the whole lunch meal.
Andersen et al.(33) found an increase in the dietary quality of
lunches consumed among school children when they had a
school meal based on New Nordic Diet principles compared
with packed lunches.
In a recent systematic review Brown & Summerbell(29)
found that some interventions appeared to vary in effective-
ness according to, for example, the age of the children. Also
a Danish cross-sectional study showed that students had dif-
ferent attitudes toward school food programmes. The younger
children, representing the 3rd grade (9–10 years), appreciated
packed lunches brought from home but children from the
6th (12–13 years) grade were happier with school meals(34).
The prevalence of children who bring their lunch from
home decreases with age. The younger school children are
comfortable with their packed lunches, but the growing age
and youth culture inﬂuences the status of the packed lunch
among the older school children(35); thus it is possible that
the effect of a school food programme could depend on the
age of the children involved.
The aim of the present study was to evaluate the effect of
implementing a school food programme on the dietary quality
of lunches consumed by school children aged 7–13 years com-
pared with packed lunches brought from home. A secondary
objective was to investigate if a possible effect would differ
between the younger school children (2nd–3rd grades) and
the older (5th–6th grades).
Methods
Study sample
We conducted a quasi-experimental study with a pre- and
post-intervention design. In 2008, thirty-eight schools received
funds from the Danish Food Industry Agency to implement a
school food programme. In the ﬁrst 2 months the school
meals were free; this was followed by a period where the
school children could buy their school meals. To evaluate
the dietary effect of the school food programmes four inter-
vention schools from the thirty-eight schools were selected,
taking into account representation of different geographic
locations and size of the school. Four schools were selected
randomly and afterwards contacted. The four schools all
accepted to participate in the study. Four control schools
were selected among schools without any school food pro-
gramme and matched with the four intervention schools
with respect to municipality, size (number of children) and
families’ social background.
Power calculations using an α level of 0·05 and a β level of
0·8 estimated that ﬁfty children were required in order to
detect a difference of 2·29 g saturated fat intake, estimating
the intra-class correlation to be 0·02. To examine if a possible
nutritional effect of the school food programme was different
between students from the 2nd–3rd grades and 5th–6th grades
approximately ﬁfty students in each age group in each of the
eight participating schools were selected.
Children from forty-six school classes at the eight participat-
ing schools were invited to participate in the study. In total 984
children participated, 493 school children from the 2nd and
3rd grades and 491 students from the 5th and 6th grades.
For ﬂow of schools, participants and number of meals, see
Fig. 1.
Ethical issues
The present study adheres to Danish ethical standards and has
been approved by the Danish Data Protection Agency (refer-
ence 2008-54-0497) and reported to the regional ethics com-
mittee for the Capital Region of Denmark. They concluded
that formal ethics approval was not required because no
human biological material was collected.
When schools were invited to participate, written informa-
tion targeting the school management and the teachers was
sent to all schools explaining the implications of participation.
Teachers, children and their parents at the participating
schools were informed that participation was voluntary, that
their information would be used for research purposes only
and treated conﬁdentially and of the possibility of withdrawing
during any stage of the study. Parents were informed of
the study and the possibility of withdrawing their child from
the study by written information indicating the purpose
of the study, the implication for and involvement of their
child. If the parents had further questions, they could call
the project manager.
Intervention – procedure for data collection
At baseline (T1), data on packed lunches were collected in
both intervention and control schools. At the 1st follow-up
(T2) the control schools still had packed lunches brought
from home, and the intervention schools were offered free
school meals. At the 2nd follow-up (T3) the controls had
packed lunches and at the intervention schools the school
meals were no longer for free, so the school children would
either have paid school meals or brought packed lunches
(Fig. 2). The data were collected successively at the eight
schools. At 1 or 2 weeks after data were collected at each of
the intervention schools collection of data took place at the
matched control school. Baseline data were collected in the
weeks before the intervention period began. The 1st follow-up
was 8 weeks after baseline and the 2nd follow-up was 6
months after baseline.
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Collection of data covered three consecutive days during a
week to cover the variability of the lunches over a week.
A validated standardised digital photographic method was
used to collect dietary data for the packed lunches or the
school meals(36). At the beginning of the lunch break, the chil-
dren were asked to place their lunch meals on a plate distrib-
uted to them, and all meals were photographed. Where it was
difﬁcult to determine what a sandwich contained the child was
asked to open the sandwich for viewing. At the end of the
lunch break, the plates were again photographed with or with-
out leftovers. In addition, for non-visible food items, the par-
ticipants were asked questions if the research staff assessed
that it would be difﬁcult to see on the digital image. The
research staff attended a training session on the use of the
digital photographic method before the data were collected.
At the four intervention schools, thirty-one different
lunches provided by the schools were served at the 1st and
2nd follow-ups. Recipes and product speciﬁcations for lunches
provided by the schools were collected. Two of each school
meals were bought and the weights of the food items regis-
tered. The data on the packed lunches and the school meals
were collected during August–December and February–April.
Assessment of quality of dietary intake
The dietary quality of the lunches was assessed using a vali-
dated Meal Index of dietary Quality (Meal IQ), which is a
tool that we developed for the purpose. The Meal IQ consists
of seven components: total fat, saturated fat, whole grains,
snack products, fruit, vegetables and ﬁsh, selected with the
aim of assessing the overall dietary quality of the lunches.
Fruits, vegetables and ﬁsh were estimated in g. To estimate
total fat, saturated fat, whole grains and snack products in
the lunch meals, units were deﬁned in terms of household
Fig. 1. Flow of schools, participants and meals through the study.
Fig. 2. Study design.
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measures, such as slices, cups and pieces(37). The total score
for the Meal IQ ranged from 0 to 28. Each of the seven com-
ponents scored from 0 (lack of compliance) to 4 (full compli-
ance), with intermediate scores reﬂecting levels of attainment
towards dietary recommendations.
A database was developed in Microsoft Excel for the dietary
assessment of the digital images in order to make the necessary
notes on the dietary components in the Meal IQ while watch-
ing the digital image. If there were any doubts about the food
items on the digital image decisions were made based on
consensus between the two digital image analysts; if consensus
was not possible the digital image was excluded from
the study.
More thorough details about the Meal IQ are given in the
previous paper describing the development and validation of
the Meal IQ(38) and the paper on the validation of the digital
photographic method(36).
Self-reported questionnaires/interviews and anthropometrics
A questionnaire was used to collect data on sociodemographic
characteristic of the participating children. The students from
the 2nd and 3rd grades were interviewed and the students
from the 5th and 6th grades ﬁlled out the questionnaires them-
selves. The majority of the questions used were developed,
validated and used in the Pro Children project(39). The
Danish Occupational Social Class (DOSC)(40) measure was
used to assess the social background of the child’s family.
At baseline the height and weight of the students were mea-
sured to calculate BMI (kg/m2). The measures were taken in
light clothing and without shoes. Weight was measured to
the nearest 0·1 kg using a Soehnle Verona 63749 digital
scale; height was registered to the nearest 1·0 cm using a
Soehnle 5003 digital height rod.
Statistical analysis
The dietary effect of the school food programme was exam-
ined using the Meal IQ score which were measured as repeated
measurements for the same group of children at baseline (T1),
1st follow-up (T2) and 2nd follow-up (T3). The analyses were
conducted on the differences of the Meal IQ score compared
with baseline by using the following model:
y = m0 + b + gr + t + in+ s + ge + k+ t
× b + t × gr + t × in+ t × s + t × ge + t × k+ gr × in× t
where y is the response variable (the difference in Meal IQ
score relative to baseline value), μ0 is the intercept (overall
mean), b is the BMI value at baseline, gr represents the grades
(2nd–3rd grades and 5th–6th grades), t represents the meas-
urement times (T2 and T3), in represents two groups (inter-
vention and control), s represents the social status, ge
represent the sex, k is the Meal IQ score at baseline, t × b,
t × gr, t × in, t × s, t × ge and t × k represent the two-way inter-
actions with time, and t and gr× in × t represents the three-way
interaction term. In addition to the deterministic variables the
model given above included a number of stochastic variables
which took into account the clustering of children within
schools and classes and the repeated measurements of the
same child. Thus the following hieratical structure was
included in the model:
SC(IN), C(SC × IN), IP(SC × C × IN)
where SC represents the schools and is nested with interven-
tion (IN), C represents the classes and is nested with school
and intervention, and IP represents a personal index for
each child’s participation in the study and is nested with
school, class and intervention.
The two-way interaction terms were included in the model
to test whether the development in the mean changes in
Meal IQ score were parallel over time, for example, in inter-
vention and control schools (t × in).
Contrasts were constructed from the ﬁtted model to test the
particular hypothesis: is a mean change in the quality of dietary
intake found when school children eat school meals instead of
packed lunches? This was tested at the times of the 1st
follow-up and the 2nd follow-up. The estimated mean change
values in the contrast were adjusted for other factors of the
relevant factors in the model.
Prior to the main analyses baseline tests were conducted to
verify that the participating children in the selected schools and
classes were not signiﬁcantly different from each other accord-
ing to age, sex, BMI, social background of the families and the
Meal IQ score.
P < 0·05 was considered statistically signiﬁcant. All reported
P values were based on two-sided hypotheses. Statistical ana-
lyses were carried out using the SAS statistical software pack-
age, proc mixed (version 9.2; SAS Institute Inc.).
Results
Baseline characteristics of the children
Table 1 shows the characteristics of the participating children
at baseline. No signiﬁcant differences were found between the
intervention group and the control group in sociodemographic
variables at baseline except for ‘age’ among the younger school
children (P < 0·0001). This difference occurred due to more
3rd-grade students in the control group. Regarding the quality
of the dietary intake (expressed by the Meal IQ score) from the
packed lunches brought from home there were no differences
between the intervention and the control groups.
Intervention effect on dietary quality of lunch consumed
Fig. 1 describes the ﬂow of the participating school children
and collected meals. Because the response variable is the dif-
ference in Meal IQ score relative to baseline value, only the
school children participating at baseline were included in the
analyses. At T2 the number of children is 951 and at T3
936 children are included in the analyses. In total, data on
8056 lunch meals were included in the analysis, in 2431
cases dietary data were collected from a child during the
three measurements collected all three lunch meals, 341
times data were collected on two lunch meals and in eighty-
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one cases data on one lunch meal were obtained. We excluded
146 meals, because data at baseline were not obtained. Three
lunches were excluded from the analyses because consensus
between the analysts was not reached about the food items
on the digital images.
Fig. 3 illustrates the development of the changes in the dietary
quality of the lunch consumed, expressed by the ﬁtted Meal IQ
values, in children in the 2nd–3rd grades and 5th–6th grades in
the intervention and control schools at T1, T2 and T3.
A different development over time was seen between the
intervention group and the control group illustrated by a sig-
niﬁcant interaction term in × t (time × intervention) (P <
0·0001) (Table 2). The overall tests of differences in change
between children at the intervention schools and the control
schools at time points T2 and T3 were investigated. At T2
children in the intervention schools, eating school meals pro-
vided by the school, had a signiﬁcantly improved dietary qual-
ity of the lunch consumed relative to children in the control
schools, having packed lunches brought from home (P =
0·004). At T3, about 4 months after the intervention, no sig-
niﬁcant difference between the dietary quality of lunch con-
sumed in the intervention and control schools was found (P
= 0·343). When the children had to buy the school meals
the use of the school food programme was limited. At T3
only 7 % of the lunch meals collected were school meals. At
two schools the children did not use the opportunity to buy
a school meal and at the other two schools, 21 and 6 % of
the lunch meals consumed, respectively, were school meals.
Overall, only 7 % of the lunch meals collected at the interven-
tion schools at T3 were school meals.
The Meal IQ scores of the two age groups divided into
2nd–3rd grades and 5th–6th grades were signiﬁcantly different
at baseline (P< 0·0001). The mean Meal IQ scores for the
younger and older age group were, respectively, 11·7 (SD 4·5)
and 11·1 (SD 5·4). Furthermore, a signiﬁcant interaction
between time and grade was found (P< 0·0001) (Table 2),
indicating a different development in changes in dietary quality
over time depending on age. The three-way interaction term
(time × intervention × grade), however, was non-signiﬁcant
(P = 0·083), which shows that there is no different effect of
Fig. 3. Comparison of changes in Meal Index of dietary Quality (Meal IQ)
score between school children in intervention and control schools in 2nd–
3rd grades and 5th–6th grades. T1, Baseline; T2, 1st follow up; T3, 2nd
follow-up.
Table 2. Significant explanatory variables from the main analysis of
effects on changes in dietary quality†
(Estimates with their standard errors)
Symbols Effects Estimate SE P*
μ0 Intercept 6·99 0·54 <0·0001
K Meal IQbaseline −0·66 0·03 <0·0001
In + Intervention 3·13 0·56 0·016
− Intervention (control group) 0
Gr Grade (5th–6th) −0·55 0·30 <0·0001
Grade (2nd–3rd) 0
T Time (T3) −0·93 0·48 <0·0001
k × t Time (T2)
Meal IQbaseline × time (T3)
Meal IQbaseline × time (T2)
0
0·08
0
0·04 0·026
in × t Intervention × time (T3)
(intervention group)
−2·70 0·28 <0·0001
Intervention × time (T2)
(intervention group)
0
Intervention × time (T3)
(control group)
0
t × gr Intervention × time (T2)
(control group)
Time × grade (T3) (5th–6th)
Time × grade (T3) (2nd–3rd)
Time × grade (T2) (5th–6th)
Time × grade (T2) (2nd–3rd)
0
−1·17
0
0
0
0·28 <0·0001
Meal IQ, Meal Index of dietary Quality; T2, 1st follow-up; T3, 2nd follow-up.
* P value for type 3 tests for fixed effects.
† The effect estimates of all parameters plus their standard errors are given together
with the P values (n 5333).
Table 1. Characteristics and quality of dietary intake (Meal Index of
dietary Quality; Meal IQ) of packed lunches in the intervention and
control groups at baseline
(Mean values and standard deviations; numbers of participants;
percentages of participants)
Intervention Control
Characteristics Mean SD Mean SD P*
Age (years) 9·65 1·65 9·73 1·59 0·473
n 446 438
Grade 0·748
2nd–3rd 240 246
5th–6th 242 238
% 2nd–3rd 49·8 50·8
n 482 484
Sex 0·248
Girls 234 217
Boys 248 267
% Girls 48·5 44·8
n 482 484
BMI (kg/m2) 18·3 2·8 18·4 3·2 0·484
n 474 473
Social class† (n)
I 29 39 0·248
II 14 14 0·991
III 165 179 0·538
IV 177 167 0·620
V 37 29 0·333
VI 40 31 0·295
VII 4 8 0·254
VIII 0 1 0·319
Missing information 16 16 0·991
Meal IQ 11·3 4·8 11·5 5·1 0·241
n‡ 1362 1361
* P values are based on the t test statistic; P values for comparison of proportions are
based on the χ2 statistic.
† Danish Occupational Social Class (DOSC) measure(40).
‡ Number of meals.
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the school food programme at T2 and T3 between children in
the 2nd–3rd grades and 5th–6th grades. Thus the differences
between age groups seen in Fig. 3 are not due to accessibility
of school meals.
Table 2 shows the P values and the parameter effect esti-
mates of the explanatory variables signiﬁcantly associated
with the change in dietary quality for the ﬁnal model.
Some of the different effects of age can be explained by the
fact that more children in the 5th and 6th grades did not bring
a packed lunch or skipped a meal compared with the children
in the 2nd and 3rd grades. When this effect m (skip a meal:
yes/no/sometimes) was accounted for in the model as a
new explanatory variable, the variable gr (grade) was no longer
signiﬁcant and was taken out of the model since most of the
reason for a difference between the grades was explained by
this ‘new’ variable.
If a child does not eat a meal at all in the timetabled lunch
break the Meal IQ score is 0. These observations of children
not eating lunch were included in the multilevel analyses.
Analyses were also done where the skipped meals were
excluded. These analyses showed the same overall results,
that a signiﬁcant difference between the intervention and con-
trol groups was found at time point T2 (P = 0·0006) and no
difference was detected at T3 (P = 0·553).
The positive change in the Meal IQ score at time point T2
(when the school lunches were provided by the schools) is
caused by a reduction in total fat and saturated fat and intake
of snack products. The consumption of vegetables and ﬁsh
increased and the intake of whole grains and fruits decreased
(Table 3).
Discussion
The study showed that the dietary quality of the lunch eaten at
school was improved when Danish school children aged 7–13
years had free school meals instead of packed lunches. When
the school meals were not provided for free the use was lim-
ited and no difference in dietary effect was found between chil-
dren at the intervention and control schools. Furthermore, the
study showed that there was no different effect of the school
food programme according to age group. Most of the reason
for the different development in changes in the Meal IQ score
between children in the 2nd–3rd grades and 5th–6th grades is
explained by more skipped meals in the older age group.
The improved dietary quality when students have school
meals is consistent with the results from several cross-sectional
studies(19–26,41–55) including a meta-analysis, on seven studies,
where Evans et al.(20) compared British school meals and
packed lunches from 1990 to 2007 measuring lunchtime nutri-
ent intake in children aged 5–11 years. The cross-sectional
design is weaker than that of the intervention studies according
to their ability to provide evidence for causal relationships. To
our knowledge our study is the ﬁrst intervention study to
examine if the dietary quality of the lunch consumed was dif-
ferent when school children had school meals instead of
packed lunches. Other school-based intervention studies
have not exchanged a whole meal, but instead focused on sin-
gle food groups, for example fruit and vegetables(56–58), or
nutrients, such as fat(59) or whole grains(60).
School-based interventions are heterogeneous in terms of
design, participants, intervention, outcomes and duration,
making it difﬁcult to generalise about which intervention com-
ponents are most effective. Van Cauwenberghe et al.(27) con-
ducted a review on forty-two European intervention studies
with the purpose of summarising the effectiveness of school-
based interventions to promote a healthy diet in children (6–12
years) and adolescents (13–18 years). They concluded that in
children (6–12 years) strong evidence was found of effects
of multicomponent interventions on fruit and vegetable intake.
The overall conclusion was that evidence was found for the
effectiveness of especially multicomponent interventions pro-
moting a healthy diet in school-aged children in European
Union countries on self-reported dietary behaviour.
De Bourdeaudhuij et al.(28) reviewed the evidence of school-
based interventions promoting a healthy diet together with
healthy physical activity habits on behavioural determinants,
healthy diets and physical activity habits and measures of obes-
ity in primary and secondary school children in Europe. In
younger children (6–12 years) the evidence was found to be
inconclusive as to multicomponent interventions having a
positive impact on child obesity in the European context.
Overall they suggest that combining educational and
Table 3. Components of the Meal Index of dietary Quality (Meal IQ) (unadjusted data) at baseline (T1), 1st follow-up (T2) and 2nd follow-up (T3) in the
intervention and control groups
(Mean values and standard deviations)
Baseline 1st follow-up 2nd follow-up
Intervention
(n 1362)
Control
(n 1361)
Intervention
(n 1382)
Control
(n 1399)
Intervention
(n 1343)
Control
(n 1355)
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Total fat (units) −0·19 1·26 −0·15 1·14 0·82 1·03 −0·18 1·14 −0·17 1·17 −0·04 1·03
Saturated fat (units) 1·77 1·38 1·51 1·29 0·80 0·99 1·37 1·26 1·57 1·32 1·20 1·25
Whole grains and potatoes (units) 0·97 0·83 0·89 0·86 0·56 0·87 0·75 0·78 0·80 0·81 0·67 0·77
Snack products (units) 3·39 1·29 3·32 1·37 13·64 0·81 3·22 1·47 3·28 1·44 3·05 1·60
Fish (g) 1·49 5·66 1·46 5·71 4·15 11·9 1·51 6·04 1·17 5·23 1·51 5·94
Fruit (g) 22·1 48·4 27·6 52·5 10·6 31·9 20·9 43·2 15·0 41·5 18·3 42·4
Vegetables (g) 28·9 36·5 29·38 38·0 46·4 41·7 24·4 34·0 24·5 34·0 22·0 33·1
Meal IQ 11·3 4·80 11·55 5·09 13·64 4·02 10·7 5·22 10·4 4·86 10·1 5·56
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environmental components that focus on both healthy diet
and physical activity give better and more relevant effects.
This study attempted to inﬂuence eating behaviour in school
children via availability (T2) or accessibility (T3) of school
meals. Nevertheless, it seems that interventions operating at
several levels could be an important strategy when children’s
dietary habits should be improved. So it is possible that
another intervention design, e.g. a multicomponent version,
may have improved the sustainability of the dietary effect.
A review(29) and a cross-sectional study(34) have reported
different results of school food programmes/interventions
according to age. However, the differences between age
groups in the present study were not due to the school food
programme but could be explained by a higher prevalence
of skipped meals among children in the 5th and 6th grades
compared with children in the 2nd and 3rd grades.
Especially at T3 the older children often skipped a lunch
meal (10 % did not bring or eat lunch on any of the days at
T3); for the younger age group this applied to 0·5 %. The rea-
son why the older school children did not bring a packed
lunch could be that they had already eaten their lunch or
maybe they eat after school. According to the literature the
growing age and youth culture could also explain why packed
lunches are not so popular among children in the 5th and 6th
grades(35).
In the present study the quality of the dietary intake from
the lunches was no longer signiﬁcantly different between the
intervention and the comparison schools at the 2nd follow-up.
This could be explained by the limited use of the school food
programme when the school meals were no longer provided
for free and thus relatively few school meals (7 %) were repre-
sented at the intervention schools at this measurement. This
result indicates strongly that the economic perspective of the
school food programme is important for the general dietary
effects and the sustainability of school food programmes.
In this study the food eaten in the timetabled lunch break
was measured. It is not known if the overall dietary quality
of the diet for the whole day is inﬂuenced by the dietary quality
of the lunch or if a poor or healthy dietary intake is compen-
sated for during the rest of the day. Two cross-sectional stud-
ies have compared packed lunches and school meals and also
measured the whole day’s energy and nutrient intake. One
study suggested that the differences in intakes were compen-
sated for by other foods consumed during the day, such that
daily nutrient intakes were not signiﬁcantly different(47) and
the other study suggested that the difference according to
type of meal persisted assessing the nutrient intake of the
whole day(23). This issue has to be investigated further.
It is a challenge to assess dietary intake among children.
Using a validated digital photographic method overcomes
the recall problems and difﬁculties in estimating portion
sizes that exist when collecting dietary data on children, and
has the positive side effect that it minimises the burden of
the respondent(36). The Meal IQ score that was used, which
has been shown to be a valid indicator of the overall dietary
quality, was developed with the purpose of being simple, ﬂex-
ible with regard to the different types of meals, and also being
sensitive enough to measure relevant differences when
children were having school meals instead of packed
lunches(38). The Meal IQ does not give information on the
energy or the exact nutrient content of the meals, but as a
tool for evaluation of school-based interventions or interven-
tions in other settings it seems very suitable.
The effect of the school food programme resulted in a sig-
niﬁcant increase in the Meal IQ score of 2·34 points. A chal-
lenge when using indices to assess dietary quality is that the
total score covers both positive and negative changes. In this
study the positive effect of the free school lunches was due
to a decrease of total fat, saturated fat and snack products
and an increase in the consumption of vegetables and ﬁsh.
The result also included a decrease in whole grains and fruits.
The dietary change shown in this study is of importance. The
decrease in saturated fat goes from 1·77 units at baseline (T1)
to 0·80 units at the 1st follow-up (T2). A fat unit was deﬁned
as 5 g fat. Also, if the fat units are animal-based they were
counted and used as an approximation of the content of satu-
rated fat in the meal. More than half of the content of fat in a
saturated fat unit comes from saturated fat. A decrease of 0·97
units from the component of saturated fat in the Meal IQ is
thus of dietary relevance, and corresponds to a reduction of
at least 2·4 g of saturated fat and thus a reduction of 3–4 %
of energy from saturated fat among children in this age
group. The increase in intake of ﬁsh was not very high,
going from 1·5 to 4·2 g. Such a change is not of dietary
relevance now, but more children have been introduced to
ﬁsh and that could perhaps have a positive perspective in
the future.
A limitation of this study was the randomisation procedure,
where a complete randomisation was not possible because the
intervention schools were selected among the group of schools
receiving funds from the Danish Food Industry Agency for
implementing the school food programme. However, the
study schools were matched with controls on key variables.
In the present study, multilevel analysis was used, which is a
strength, as it takes into account the study design and also the
structure of the data. Not all school-based studies have utilised
the hierarchical structure of the data (students nested within
schools and students within classes) in their statistical analysis,
which might have led to biased conclusions regarding the
effect of school(61,62). We adjusted our analyses for various
known or potential confounders, but we cannot exclude con-
founding through factors that were not considered.
Most Danish school children bring their packed lunch from
home and the lunches do not in general meet the dietary
guidelines(5,7,8,10). The results of the present study suggest
important national implications for school food programmes
as a potential relevant health-promoting strategy which may
improve the quality of dietary intake at lunch. However, this
requires additional research on how school food programmes
can be better implemented, including knowledge about the
economic perspective of this area.
In conclusion, the implementation of the school food pro-
gramme had a positive effect on the dietary quality of the
lunches consumed by students aged 7–13 years in the period
where the school meals were offered for free, but when the
school meals were paid by the parents the use was limited
7
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and no overall effect on dietary quality was measured.
The dietary effect of the school food programme did not
differ between the children in the 2nd–3rd grades and 5th–6th
grades.
Acknowledgements
The authors thank all participants of this study. We thank
Professor Bent Egberg Mikkelsen, Food, People & Design,
Department of Development and Planning, Aalborg
University for advice in the initial phase of the project.
The project is part of the EVIUS study funded by the
Danish Food Industry Agency, Technical University of
Denmark, National Food Institute and Division of
Nutrition, National Food Institute. The Danish Food
Industry Agency had no role in the design, analysis or writing
of this article.
M. S. S. designed and carried out the intervention study
under the supervision of I. T. and U. T.; M. S. S. drafted
the manuscript; H. M. S. was responsible for the multilevel
analyses; H. M. S., U. T. and I. T. contributed to the interpret-
ation and discussion of the study results. All authors contrib-
uted to the critical revision of the manuscript and the statistical
analyses.
The authors declare no conﬂict of interest.
References
1. Lytle LA & Kubik MY (2003) Nutritional issues for adolescents.
Best Pract Res Clin Endoc Metab 17, 177–189.
2. Amine E, Baba N, Belhadj M, et al. (2012) Diet, Nutrition and the
Prevention of Chronic Diseases: Report of a Joint WHO/FAO Expert
Consultation. Geneva: WHO.
3. Whitaker RC, Wright JA, Pepe MS, et al. (1997) Predicting obesity
in young adulthood from childhood and parental obesity. N Engl J
Med 337, 869–873.
4. Lytle L, Seifert S, Greenstein J, et al. (2000) How do children’s eat-
ing patterns and food choices change over time? Results from a
cohort study. Am J Health Promot 14, 222–228.
5. Pedersen AN, Christensen T, Matthiessen J, et al. (2015) Danskernes
kostvaner 2011–2013 Hovedresultater (Dietary Habits in Denmark 2011–
2013 Main Results). Soeborg: Technical University of Denmark,
National Food Institute.
6. Currie C, Roberts C, Morgan A, et al. (editors) (2004) Young
People’s Health in Context. Health Behaviour in School-aged
Children (HBSC) study: international report from the 2001/2002
survey. Health Policy for Children and Adolescents, no. 4. http://
www.euro.who.int/__data/assets/pdf_ﬁle/0008/110231/e82923.
pdf
7. Nordic Council of Ministers (2014) Nordic Nutrition Recommendations
2012. Integrating Nutrition and Physical Activity. Nord 2014:002, 5th ed.
Copenhagen: Nordic Council of Ministers.
8. Tetens I, Andersen LB, Astrup AV, et al. (2013) Evidensgrundlaget for
danske råd om kost og fysisk aktivitet (The Evidence-Base for the Danish
Guidelines for Diet and Physical Activity). Soeborg: Technical
University of Denmark, National Food Institute.
9. Mejborn H, Biltoft-Jensen A, Trolle E, et al. (2008) Fuldkorn.
Deﬁnition og vidensgrundlag for anbefaling af fuldkornsindtag i Danmark
(Wholegrain. Deﬁnition and Scientiﬁc Background for Recommendations of
Wholegrain Intake in Denmark). Soeborg: Technical University of
Denmark, National Food Institute.
10. Christensen LM, Kørup K, Trolle E, et al. (2013) Børn og unges
måltidsvaner 2005–2008 (Dietary Habits of Children and Adolescents
2005–2008). Soeborg: Technical University of Denmark, National
Food Institute.
11. Flodmark C, Marcus C & Britton M (2006) Interventions to pre-
vent obesity in children and adolescents: a systematic literature
review. Int J Obes 30, 579–589.
12. Doak CM, Visscher TLS, Renders CM, et al. (2006) The prevention
of overweight and obesity in children and adolescents: a review of
interventions and programmes. Obes Rev 7, 111–136.
13. World Health Organization (2009) Interventions on Diet and Physical
Activity: What Works. Summary Report. Geneva: WHO.
14. World Health Organization (2009) Population-based Prevention
Strategies for Childhood Obesity. Report of the WHO Forum and
Technical Meeting. Geneva: WHO.
15. Hoppe C, Biltoft-Jensen AP, Trolle E, et al. (2009) Beskrivelse af 8- til
10-årige og 12- til 14-årige børns kost - med fokus på indtag i skole og fri-
tidsordning (Description of 8–10-Year old and 12–14 Year old Children’s
Diet – Focusing on Intake in School and After-School). Soeborg:
Technical University of Denmark, National Food Institute.
16. Conway TL, Sallis JF, Pelletier RL, et al. (2002) What do middle
school children bring in their bag lunches? Prev Med 34, 422–427.
17. Gibson-Moore H (2010) Children’s packed lunches – time to raise
the standards. Nutr Bull 35, 147–151.
18. Sanigorski AM, Bell AC, Kremer PJ, et al. (2005) Lunchbox con-
tents of Australian school children: room for improvement. Eur J
Clin Nutr 59, 1310–1316.
19. Evans CEL, Greenwood DC, Thomas JD, et al. (2010) A cross-
sectional survey of children’s packed lunches in the UK: food- and
nutrient-based results. J Epidemiol Community Health 64, 977–983.
20. Evans CEL, Cleghorn CL, Greenwood DC, et al. (2010) A com-
parison of British school meals and packed lunches from 1990 to
2007: meta-analysis by lunch type. Br J Nutr 104, 474–487.
21. Pearce J, Harper C, Haroun D, et al. (2011) Key differences
between school lunches and packed lunches in primary schools in
England in 2009. Public Health Nutr 14, 1507–1510.
22. Rees GA, Richards CJ & Gregory J (2008) Food and nutrient
intakes of primary school children: a comparison of school meals
and packed lunches. J Hum Nutr Diet 21, 420–427.
23. Rogers IS, Ness AR, Hebditch K, et al. (2007) Quality of food eaten
in English primary schools: school dinners vs packed lunches. Eur J
Clin Nutr 61, 856–864.
24. Taylor JP, Hernandez KJ, Caiger JM, et al. (2012) Nutritional quality
of children’s school lunches: differences according to food source.
Public Health Nutr 15, 2259–2264.
25. Zive MM, Elder JP, Prochaska JJ, et al. (2002) Sources of dietary fat
in middle schools. Prev Med 35, 376–382.
26. Wood L, Stevens L & Nicholas J (2012) The advantages to pupils in
English secondary schools of having a school lunch rather than a
packed lunch. Proc Nutr Soc 71, E214.
27 Van Cauwenberghe E, Maes L, Spittaels H, et al. (2010)
Effectiveness of school-based interventions in Europe to promote
healthy nutrition in children and adolescents: systematic review of
published and ‘grey’ literature. Br J Nutr 103, 781–797.
28. De Bourdeaudhuij I, Van Cauwenberghe E, Spittaels H, et al. (2011)
School-based interventions promoting both physical activity and
healthy eating in Europe: a systematic review within the HOPE
project. Obes Rev 12, 205–216.
29. Brown T & Summerbell C (2009) Systematic review of school-
based interventions that focus on changing dietary intake and phys-
ical activity levels to prevent childhood obesity: an update to the
obesity guidance produced by the National Institute for Health
and Clinical Excellence. Obes Rev 10, 110–141.
30. Knai C, Pomerleau J, Lock K, et al. (2006) Getting children to eat
more fruit and vegetables: a systematic review. Prev Med 42, 85–95.
31. Oldroyd J, Burns C, Lucas P, et al. (2008) The effectiveness of nutri-
tion interventions on dietary outcomes by relative social disadvan-
tage: a systematic review. J Epidemiol Community Health 62, 573–579.
32. Racey M, O’Brien C, Douglas S, et al. (2016) Systematic review of
school-based interventions to modify dietary behavior: does inter-
vention intensity impact effectiveness? J Sch Health 86, 452–463.
8
journals.cambridge.org/jns
D
ow
nl
oa
de
d 
fr
om
 h
tt
ps
:/
/w
w
w
.c
am
br
id
ge
.o
rg
/c
or
e.
 D
an
is
h 
N
at
io
na
l L
ib
ra
ry
 o
f S
ci
en
ce
 a
nd
 M
ed
ic
in
e,
 o
n 
08
 F
eb
 2
01
9 
at
 1
2:
14
:3
0,
 s
ub
je
ct
 to
 th
e 
C
am
br
id
ge
 C
or
e 
te
rm
s 
of
 u
se
, a
va
ila
bl
e 
at
 h
tt
ps
:/
/w
w
w
.c
am
br
id
ge
.o
rg
/c
or
e/
te
rm
s.
 h
tt
ps
:/
/d
oi
.o
rg
/1
0.
10
17
/j
ns
.2
01
8.
29
33. Andersen R, Biltoft-Jensen A, Christensen T, et al. (2014) Dietary
effects of introducing school meals based on the New Nordic
Diet – a randomised controlled trial in Danish children. The
OPUS School Meal Study. Br J Nutr 111, 1967–1976.
34. Bruselius-Jensen ML (2007) Når klokken er halv tolv har vi spisning:
Danske skoleelevers oplevelse af mad og måltider i skoler med madordninger
(When it is Half Past Eleven we Eat: Danish School Children’s
Experiences of Food and Meals in School with School Food Programmes).
Soeborg: Technical University of Denmark, National Food Institute.
35. Høyrup JF & Nielsen MK (2012) Mad og måltider i skolen (Food
and meals in school). In Mad, mennesker og måltider: samfundsvidenska-
belige perspektiver (Food, People and Meals: Social Science Perspectives)
[L Holm and ST Kristensen, editors]. Denmark: Munksgaard.
36. Sabinsky MS, Toft U, Andersen KK, et al. (2013) Validation of a
digital photographic method for assessment of dietary quality of
school lunch sandwiches brought from home. Food Nutr Res 57,
10.3402/fnr.v57i0.20243.
37. Lassen AD, Biltoft-Jensen A, Hansen GL, et al. (2010)
Development and validation of a new simple Healthy Meal Index
for canteen meals. Public Health Nutr 54, 1559–1565.
38. Sabinsky MS, Toft U, Andersen KK, et al. (2012) Development and
validation of a Meal Index of dietary Quality (Meal IQ) to assess
the dietary quality of school lunches. Public Health Nutr 15, 2091–
2099.
39. De Bourdeaudhuij I, Klepp K, Due P, et al. (2005) Reliability and
validity of a questionnaire to measure personal, social and environ-
mental correlates of fruit and vegetable intake in 10–11-year-old
children in ﬁve European countries. Public Health Nutr 8, 189–200.
40. Christensen U, Krølner R, Nielsson CJ, et al. (2014) Addressing
social inequality in aging by the Danish Occupational Social Class
measurement. J Aging Health 26, 106–127.
41. Cleghorn CL, Evans CEL, Kitchen MS, et al. (2010) Details and
acceptability of a nutrition intervention programme designed to
improve the contents of children’s packed lunches. Public Health
Nutr 13, 1254–1261.
42. Cooper N & Jones C (2011) Improving the quality of packed
lunches in primary school children. J Hum Nutr Diet 24, 384–385.
43. Dresler-Hawke E, Whitehead D & Coad J (2009) What are New
Zealand children eating at school? A content analysis of consumed
versus unconsumed food groups in a lunch-box survey. Health Educ
J 68, 3–13.
44. Dresler-Hawke E, Whitehead D & Parker L (2012) Children’s
selection of fruit and vegetables in a ‘dream versus healthy’ lunch-
box survey. Health Educ J 71, 736–745.
45. Evans CEL & Cade JE (2012) Which nutrient is most strongly
associated with dietary quality in children’s packed lunches? Proc
Nutr Soc 71, E83.
46. Evans CEL & Mandl V (2012) OP83 Does lunch type have an
impact on dietary quality over the whole day in English primary
school children? J Epidemiol Community Health 66, A32–A33.
47. Gatenby LA (2011) Children’s nutritional intake as part of the Eat
Well Do Well scheme in Kingston-upon-Hull – a pilot study Nutr
Bull 36, 87–94.
48. Golley R, Pearce J & Nelson M (2011) Children’s lunchtime food
choices following the introduction of food-based standards for
school meals: observations from six primary schools in Shefﬁeld.
Public Health Nutr 14, 271–278.
49. Hamilton PC, Nomani MZA, Fitch C, et al. (2006) Nutrient content
of school lunches and packed lunches as offered and consumed by
elementary school students. J Am Diet Assoc 106, A65.
50. Hur I, Burgess-Champoux T & Reicks M (2011) Higher quality
intake from school lunch meals compared with bagged lunches
Infant Child Adolesc Nutr 3, 70–76.
51. Palcic J, El-Mubasher A, Johnston CA, et al. (2011) Packed lunches
compared to school lunches. Obesity 19, 732-P.
52. Rees GA, Richards CJ & Gregory J (2006) Nutrient intakes at
lunchtime of primary-school children in Cornwall: a comparison
of school meals and packed lunches. Proc Nutr Soc 66, 101A.
53. Richter SL, Vandervet LM, Macaskill LA, et al. (2012) Accuracy and
reliability of direct observations of home-packed lunches in elementary
schools by trained nutrition students. J Acad Nutr Diet 112, 1603–1607.
54. Stevens L & Nelson M (2011) The contribution of school meals
and packed lunch to food consumption and nutrient intakes in
UK primary school children from a low income population.
J Hum Nutr Diet 24, 223–232.
55. Johnston CA, Moreno JP, El-Mubasher, et al. (2012) School lunches
and lunches brought from home: a comparative analysis. Child Obes
8, 364–368.
56. Gorely T, Nevill ME, Morris JG, et al. (2009) Effect of a school-
based intervention to promote healthy lifestyles in 7–11 year old
children. Int J Behav Nutr Phys Act 6, 5.
57. Baranowski T, Davis M, Resnicow K, et al. (2000) Gimme 5 fruit,
juice, and vegetables for fun and health: outcome evaluation Health
Educ Behav 27, 96–111.
58. Perry CL, Bishop DB, Taylor GL, et al. (2004) A randomized
school trial of environmental strategies to encourage fruit and vege-
table consumption among children. Health Educ Behav 31, 65–76.
59. Sallis JF, McKenzie TL, Conway TL, et al. (2003) Environmental
interventions for eating and physical activity: a randomized con-
trolled trial in middle schools. Am J Prev Med 24, 209–217.
60. Burgess-Champoux TL, Chan HW, Rosen R, et al. (2008) Healthy
whole-grain choices for children and parents: a multi-component
school-based pilot intervention. Public Health Nutr 11, 849–859.
61. Diez Roux AV (2004) The study of group-level factors in epidemi-
ology: rethinking variables, study designs, and analytical approaches.
Epidemiol Rev 26, 104–111.
62. Merlo J, Chaix B, Yang M, et al. (2005) A brief conceptual tutorial
of multilevel analysis in social epidemiology: linking the statistical
concept of clustering to the idea of contextual phenomenon.
J Epidemiol Community Health 59, 443–449.
9
journals.cambridge.org/jns
D
ow
nl
oa
de
d 
fr
om
 h
tt
ps
:/
/w
w
w
.c
am
br
id
ge
.o
rg
/c
or
e.
 D
an
is
h 
N
at
io
na
l L
ib
ra
ry
 o
f S
ci
en
ce
 a
nd
 M
ed
ic
in
e,
 o
n 
08
 F
eb
 2
01
9 
at
 1
2:
14
:3
0,
 s
ub
je
ct
 to
 th
e 
C
am
br
id
ge
 C
or
e 
te
rm
s 
of
 u
se
, a
va
ila
bl
e 
at
 h
tt
ps
:/
/w
w
w
.c
am
br
id
ge
.o
rg
/c
or
e/
te
rm
s.
 h
tt
ps
:/
/d
oi
.o
rg
/1
0.
10
17
/j
ns
.2
01
8.
29
